Abstract： ： ： ：This objective of this article is to present a new technique of nanofluids/MQL in high speed milling by using MWCNTs. In the past, studies have shown the MQL process can improve tool life and surface accuracy in high speed cutting. The purpose of using carbon nanotubes is to increase the thermal conductivity of cutting fluid and to reduce the temperature during the cutting and decrease the thermal wear of tool. The proposed study is to investigate the characterization of the MWCNTs/ nanofluids combined with MQL during the high speed milling of AISI 1050 and AISI P21 experimentally. The Taguchi robust design was also used to optimize the parameters of nozzle with respect to tool feed direction, such as spraying distance, angle of ejection, and relative locations for improving the MWCNTs/MQL cutting effect. Experimental results showed the MWCNTs/ nanofluid had the benefits of improving surface roughness and reducing wear of tool in high speed milling. The results were compared to dry cutting, and wet cutting in detail.
Introduction
During the high speed machining of steel high temperature is generated around the cutting zone and the conventional method applying the cutting fluid can not remove heat during the machining efficiently. The high temperature effects could cause loss the quality of surface, reduce the life of tools, and increase the cost of cutting fluid higher than those of cutting tools frequently (Tonshoff and Brinkomeier,1980; Shaw et al.,1951; Paul et al.,2001) .If cutting fluids are handled inappropriately it may cause serious damage to the environment. Recently, the efficiency of productivity and quality for high speed machining is increasingly important and based on the environmental and health point of view so as the cost reduction. This result has developed the use of the dry machining technology and machining with minimal quanity lurbricant (Malcher et al.,2002; Kang et al.,2003) . High-pressure jet of cutting oil by MQL could reduce cutting temperature and improve tool life. At the same time, cost related to cutting fluids and the loss to the environment can decrease at a large amount by using MQL (Nouari and Ginting,2006 ; Che Haron et al.,2007) . Researches (Liu et al.,2011; Lopez de Lacalle et al.,2006) have shown that the relative location of distance between nozzle of MQL and tool-workpiece and the spraying angle to feeding direction have great influences on the cutting force and surface roughness. In order to obtain the optimum effect of MQL spraying, the study of the nozzle position relative to the feed direction on cutting process is critical in product quality.
Among various lubrication techniques used for Metal working fluids, nanofluids minimum quantity lubrication (MQL) was an environment-friendly one which has been introduced recently. In general, nanofluids is a fluid containing nanoparticles such as SCNTs, MWCNTs, Al2O3, MoS2, diamond and other materials. In a nanofluids/MQL, nanofluids is ejected to the machining area with high pressure air through a nozzle as a form of mist mixed. Nanoparticles are an excellent media to increase the thermal conductivity of the base fluid. Therefore, nanofluids can be applied to many applications including micro electronics, fuel cells, pharmaceutical processes, and hybrid powered engines and so on (Moghadassi et al.,2009; Hwang et al.,2006) . Several researches use its thermal and tribological characteristics on the grinding process; this is a major application for nanofluids/MQL (Shen and Shih,2008; Prabhu and Vinayagam,2010) . The results showed nanofluids provide significant lubrication to the contact zone; the grinding forces and tool wear were significantly reduced compared to pure MQL. In many machining case (Lee et al.,2010; Nam et al.,2011) demonstrated that MoS2 nanofluids MQL was effective for improving surface roughness and reducing the machining forces.
Since their discovery (Ijima et al.,1996) , carbon nanotubes (CNTs) have found many applications in emerging branches of science and technology. Much of the interest in CNTs stems from their unique molecular structures and favorable electronic and mechanical properties (Krishnan et al.,1998) . Many researchers have extensively investigated the unique characteristics of carbon nanotubes. Study (Marquis and Chibante,2005) presented the measurements of thermal conductivity of around 2000W/mK and 3000W/mK for MWCNTs. The study showed the thermal conductivity can enhance up to 150% at 1 vol. % SCNT dispersed in oil (Choil et al.,2001). These results indicated that the contribution to enhance the heat transfer for nanofluidss is much higher with carbon naotubes added into fluid. However, the nanofluids MQL approach has not been applied to the milling process. The main objective of the present study is to investigate the characterization of the MWCNTs/nanofluids combines with MQL technique during the high speed milling of AISI 1050 and AISI P21 experimentally which have many mechanical characteristics and are widely applied in industry. Furthermore, the processing parameters of nozzle with respect to the tool feed direction include spraying distance, angle of enjection and relative locations of nozzle are studied to obtain the optimum cutting effect by using Taguchi method in advance. For the lubrication conditions, dry cutting, wet cutting, and MWCNTs/MQL are considered for the comparative analysis of surface roughness and tool wear in detail.
Experiments

MWCNTs purifying
The carbon nanotubes dispersion and carbon nanotubes stability are the most important challenges of preparing nanofluids. Many researchers have reported the methods for these problems (Munkhbayar et al.,2012; Munkhbayar et al.,2013) . The chosen method for purifying MWCNTs (Main Range of External Diameter：20-40 nm, Length：5-15 µm, Purity vol%：≧95-98, Gao wei Technology Corporation) is blended per gram MWCNTs with volume ratio of 150ml sulfuric acid and 50ml nitric acid. Followed by the ultrasonication 12 hours and neutralized by deionized water repeatedly until a PH of 7 was reached. Finally, the MWCNTs was place in vacuum oven to dry out at 150°C for 1 hour to obtain functionized nanotube, which would be given the better bonding properties with surrounding material. The finished MWCNTs were used for the next step of experiment.
MWCNTs/Nanofluids preparation
In preparing the MWCNTs nanofluids, a suspension of oxidized nanotubes was gradually dispersed in the cutting oil by using ultrasonication for 60 mins. At the same time, the ice water was added into the ultrasonic bath during the dispersion to avoid the temperature rising of the suspension. The surfactant was not used to prevent the cause of contamination.
Experimental setup
The experiments setup carried out in a machine center (BM-2V-105V,PING JENG MACHINERY INDUSTRY CO.,LTD) as shown in Figure 1 The MQL system manufactured by Accu-Lube was used in this study as shown in Figure 2 The cutting fluid is bio-degradable and non-toxic. Table 1 shows the experimental cutting conditions during process of milling. The chemical composition of the work pieces of AISI 1050 (HRc10) with 0.49% C, 0.2% Si, 0.76% Mn, 0.17% P, and 0.06% S and of AISI P21(HRc 41) with 0.15% C, 0.30% Si, 3.0% Ni, 1.5% Mn, 0.30% Mo, 1.0% Al and 1.0% Cu. The surface roughness meter (Mitutoyo, SJ-210) was used to detect the surface quality. Tool wear values were measured with a SEM (JSM-6380, JEOL) and measuring microscope (NIKON MM-40). Four different lubrications environmental results of dry cutting, wet cutting, and MWCNTs(wt. 0.5%)/MQL was performed and compared. In the MWCNTs/MQL cases, oil mist supplied from the external air nozzle set facing to the cutting position. The work pieces were chosen as AISI 1050 and AISI P21 mold tool steel which are common used in manufacturing industry. where ke is the effective nanofluids thermal conductivity of two-phase composite, km is the main phase thermal conductivity, kc is the scattered phase conductivity, f is the total volume fraction of the MCNTs. In this study, the thermal conductivity of MWCNTs is taken as 2000W/mk and the thermal conductivity of the based cutting oil is taken as 0.5W/mk. The thermal conductivity of suspension with 0.5 wt % MWCNTs is 5.055W/mk calculated from Equation 1 and it increases about10 times compared to cutting oil without mixing MWCNTs.
Taguchi robust design for MQL processing parameters
Taguchi Method
The major principle of the Taguchi robust design methodology is to optimize the product quality and the process designs such that they become insensitive to various causes of variation without actually eliminating these causes. Taguchi robust design involves two key tools, namely a S/N ratio to assess the quality, and an OA table to facilitate the study of many design parameters simultaneously (Wu and Chang, 2004 ). In the present study, the surface roughness of the AISI 1050 under MWCNTs/MQL cutting is treated as the characteristic value, and the design intent is to reduce this value such that the surface roughness is minimized. The principal characteristics of robustness for the present study is to optimize the relative positions and the angularly towards the tool of two nozzles in MQL during the machining.
Applied Mechanics, Materials and Manufacturing IV
The experimental cutting conditions during Taguchi robust design process of MQL as same as shown in Table 1 Therefore, the current problem is defined as a static, smaller-the-better problem, and the principal objective of the design problem is to maximize the S/N ratio. These factors are presented in the form of a cause-effect diagram in Figure 3 As illustrated in Table 2 , this study specifies three principal design parameters, each with two levels. Furthermore, an L 4 (2 3 ) orthogonal array table is chosen. In Figure 4 (a) , it is shown schematic diagram of factors the two nozzles angular positions are studied. The first level one located the two nozzles at the parallel to the feed direction and the second level two nozzles are located at 0 degree and 90 degree related to feed direction respectively are indicated in Figure 4 
Robust design procedures and results
Using the data presented in Table 3 , the corresponding S/N response table and S/N response graph were derived, as shown in Table 4 and Figure 5 , respectively. According to the principles of the Taguchi method, the present study defines high product quality as a maximum S/N ratio. Therefore, Figure 5 reveals the optimal design parameter combination and the corresponding value of each factor, i.e. A2:distance between nozzle to tool 10mm, B1: angle of ejection is 30 。 , C1: two nozzles are 90 degree separated.
In the present study, the confirmation experiment was performed by setting the design parameter combination as: A2B1C1. The results indicated in Table 5 showed that the new design's surface roughness value reduced 9% compared to the previous study. These values represent an improvement over the original results, and hence this verification exercise enhances confidence in the technique. The present robust study reveals several useful results, namely that the positions of nozzles in MQL include the distance to tool, angle of ejection, and the locations of nozzle. Furthermore, the locations of nozzle is the most important factor influencing the surface roughness of the high speed milling , while the angle of ejection has the least influence. In other words, a high-quality MWCNTs/MQL end milling product can be produced by accurately control parameters of process for MQL. The following results were obtained by using previous studies data. Results and discussion
Surface roughness under different cutting conditions
Three AISI 1050 and AISI P21 samples were tested to compare the changes in the dry cutting, wet cutting, and MWCNTs 0.5 wt % mixture of cutting oil used in MQL, to determine the effects of the different lubrication process of milling on the surface roughness for tested materials. The Ra values were taken at 3 different places on each sample along the feed direction and the final value was calculated by their mean average value. The comparions with dry cutting and wet cutting results of surface roughness with proposed technique as a function of cutting length under three different lubricative conditions are presented in Figure 6 . For AISI 1050 the MQL using MWCNTs 0.5 wt % as nanofluids had a better surface finish than dry and wet cutting for milling. The reason is MWCNTs can reduce the milling temperature and obtain better results during machining. These results indicated that the MWCNTs can be used as an addictive in the cutting oil. Figure 7 shows that similar results with progess of machining for work material AISI P21 under dry, wet, and MWCNT 0.5 wt %/MQL. However, the results are not significant as AISI 1050 and this could be due to two reasons. One is AISI P21 is a hardened material and the other is the machining distance was not long enough to show the difference. Figure 9 illustrate the SEM micrographs of the tool wear of rake face after machining AISI 1050 and AISI P21 at different distances separately under dry, wet cutting and MWCNTs 0.5 wt%/MQL. There is no lubrication and cooling mode in dry cutting and it could cause high cutting temperature in high speed milling. The cutting chips adhere on the tool blade edge, which causes the chipping phenomenon to occure. The adhesive deposited can be seen clearly from the enlargement of Figure 8 (a) and Figure 9 (a) . Moreover, the results of dry cutting show the wear of tool are the most severe for AISI 1050 and AISI P21. When wet cutting was used thermal cracks developed, due to intermittent cutting fluid flush to cutting tool (see Figure 8 (b) and Figure 9 (b) of the Enlargement). Moreover, the tool edge of the intensity decreases causing tool breakage. Figure 8 (c) and Figure 9 (c) indicate that the present MWCNTs/MQL technique can reduce the crater wear of tool after a long distance machining. The main reason is that the MWCNTs nanofluids remove cutting temperature during high speed milling significantly. After an overview of Figure 8 and Figure 9 , the proposed MWCNTs/MQL technique demonstrates the potential of removing temperature during high speed milling. Therefore, crater wear is reducing after a long distance machining evidently. At the same time, the tool life can be expected to be longer compared to dry and wet cutting. Using MWCNTs / MQL due to a small amount of oil needed to provide the tool surface with good lubrication, MWCNTs provides an efficient and enviromental friendly process of milling technique in addition to its high thermal conductivity and thermal characteristics. 
Conclusions
Based on the results of the experimental investigation the conclusions can be drawn as following:
i. Using nanofluids/MQL with MWCNTs technique in high speed milling, the relative locations of nozzle with respect to tool feed direction is the most important factor influencing the surface roughness, while the angle of ejection has the least influence. ii. The cutting performance of MWCNTs nanofluids of MQL milling is better than that of dry and wet cutting. Due to the excellent heat conductivity of MWCNTs nanofluids, which provide the mainly advantages by reducing the cutting temperature. iii. The better surface finish characteristics, reduce tool wear and improve the life of tool were performed of work pieces by using nanofluids/MQL with MWCNTs technique in high speed milling as compared to conventional lubrication types of machining of steel. iv. Using MWCNTs as nanofluids in MQL cutting for harden material in high speed milling; such as AISI P21 mold steel, can obtain much improvement to reduce the tool wear and to increase the tool life than those of using conventional dry and wet cutting. v. The proposed technique is suitable for the large amount of axial depth of cutting in high speed milling which can provide better surface finish and longer tool life than conventional cutting.
